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predominantly oriented to the increased utilisation of yield potential of crop cultivars by intensification based on the use of reserves in plant nutrition and protection. Also other activities were observed focused on the reduction of agrochemicals use in plant production (Nitrate Directive, EU Directive 2009/128/EC). They are part of the trend towards reduction of negative impacts of crop management practices on the environment (Stoate et al. 2009 ). This should ensure application of conception of the so-called ecological intensification (Cassman 1999 , Dobré et al. 2011 , Pretty and Bharucha 2014 , which is based on a balanced employment of economic and ecological requirements.
However, for wheat growers, the primary goal is profit (Gasson 1973) , which can be affected either by the yield or by grain quality and the costs of crop management practices. Moreover, the interest of farmers in optimisation of crop management practices increases the variation in wheat grain prices (Wright 2011) .
The issue of efficiency of crop management practices is usually assessed by their mutual comparisons in polyfactorial small-plot field trials, in which one or several variants of crop management practices are tested; yet, such analyses detect only a part of interactions in the system E × G × M (E -environment; G -genotype/cultivar; Mcrop management).
However, this type of experiments cannot include large numbers of factors, their levels and their combinations that have to be taken into account by a crop-grower under field conditions. Therefore, in the recent years the so-called 'competitions' or 'comparisons' of the major crop (cereals, rapeseed) management practices have spread abroad and in the Czech Republic. In these competitions individual participants (usually institutions or companies) show their knowledge and experience, but predominantly they exhibit their ability to use effectively production factors (Rossberg 2010 (Rossberg , 2017 . In these types of small-plot field trials, only one factor is being assessed, namely the crop management practices as an integral unit of growing measures and their interactions proposed by individual participants (usually persons with above-standard knowledge and practical experience in growing a particular crop). The assessing criterion is usually the gross margin as a difference between revenues and direct costs. This paper is oriented to testing of the possibilities of efficient intensification of crop management practices for winter wheat by means of a suitable selection and optimization of agrochemicals' use for crop nutrition and protection.
MATERIAL AND METHODS
The results of small-plot field trials were assessed based on the international comparisons of crop management practices of winter wheat carried out during three seasons 2013/2014, 2014/2015 and 2015/2016 by the Agrotest Fyto, Ltd. in sugar-beet growing region of Central Moravia with rapeseed as a preceding crop in all tested years (Table 1) .
Predominantly institutions from the Czech Republic but also from Slovakia and Poland took part in this competition, which presented in most cases two crop management practices. The participants had the choice of cultivar and seeding rate that ranged between 200 and 450 seeds/m 2 . Further, they proposed the crop management practices, which were carried out by the technicians of the Agrotest Fyto, Ltd. in small-plot trials with four randomized repetitions with plot size of 10 m 2 (5 × 2 m). Sowing was carried out by sowing machine of the type Oyord (Wintersteiger, Ried, Austria) and harvest by small-plot harvester Sampo-Rosenlew SR 2010 (Pori, Finland) . Records were carried out for individual variants concerning the date of treatment, growth stage (BBCH), type and amount of agrochemicals applied. The prices of agrochemicals were determined according to the price list of the regional seller (Navos a.s., http:// www.navos-km.cz/). The price of an agrochemical application in a solid form was determined to be 250 CZK/ha and in a liquid form 300 CZK/ha. The total direct costs (CZK/ha) were determined for individual variants of crop management practices as the sum of costs for individual management treatment comprising application of agrochemicals and direct costs for plant nutrition and protection. Costs for crop management practices carried out uniformly for all the variants under comparison were not considered in calculations (soil treatment, sowing and grain harvest, uniform application of insecticides in all variants). Modifications were carried out in about 50% of inputs that are real in agricultural practice. Grain yields were calculated for 14% humidity and parameters of grain quality were determined in the laboratory, namely the crude protein (%) and bulk density (kg/100 L). Grain price was determined based on grain quality. Multiplication of yield (t/ha) and grain price (CZK/t) gave the revenues (CZK/ha). Consequently, gross margin (GM) was calculated as the difference between revenues and direct costs (CZK/ha). The goal and major criterion in comparisons of individual variants of crop management practices was to obtain the highest value of gross margin. The values of GM were relatively high due to the fact that only measures which were not executed in a generalized way and were different in individual variants were included in direct costs. The indicative exchange rates are 1 EUR = 26 CZK, 1 USD = 22 CZK.
The data were processed using the basic statistical characteristics, correlation and regression analyses in the statistical programme of Microsoft Office Excel 2013 (Redmond, USA). The crop management practices were proposed by the participants for soil and weather conditions in individual years, and the grain price was always known only after harvest; interpretation of the results was thus predominantly carried out based on individual years.
RESULTS AND DISCUSSION
The gross margin value depends on revenues and direct costs. The revenues are affected by the yield and grain quality. In practice, grain quality is predominantly determined based on the contents of N-substances and bulk density of grain. Other characteristics, such as gluten content and sedimentation value are rather genetically determined. Direct costs reflex crop management practices during vegetation. Variability of these characteristics (Table 2) indicates possibilities of their changes by the modification of crop management practices.
In all years, the greatest values of coefficient of variation (CV) were recorded in direct costs as a result of different crop management practices, namely the selection of cultivars and combination of production factors (seeding rate, type and amount of fertilizer, pesticide and growth regulators). This can be considered as the major source of GM differences. The values of CV of the number of input measures within individual crop management practices and partial costs for plant nutrition and protection confirm this thesis (Table 2) .
In all years, CV of revenues was lower by one order of magnitude (about 15%) than CVs of indicators which characterize the input costs. Also, the CVs of indicators having impact on revenues (yield, content of crude protein in grain and bulk density of grain) were slightly lower than CV of revenues.
Highly significant correlations of GM with revenues, yields and grain price were found in all years. Other relationships differed among years in the character and significance of correlations (Table 3) .
Increased cost of inputs characterizing intensification should ensure increased yields. This was confirmed by significant positive correlations of total costs and the number of input measures with grain yields in 2014 and 2015. However, in 2016 this correlation was very weak and negative (Table 4 ). In 2014, yield was more affected by the costs for nutrition and in 2015 by the cost for crop protection.
Cost increase had a significant positive effect on the content of crude protein in 2014 and 2016; the effect on bulk density of grain was insignificantly negative. Only significant negative correlations between the number of input measures and the bulk density of grain were obtained in 2014 (Table 4) .
The relationship between yield and both characteristics of grain quality was mostly negative but insignificant. Statistical significance was only detected in bulk density in 2014 (r = -0.321*) and the content of crude protein in grain in 2016 (r = -0.266*).
The results show that intensification implemented by costs increase affects differently the indicators of GM. This indicates a number of interactions, both positive and negative. Thus, the low values of linear correlation coefficients between costs and GM can be explained (Table 3) . Description of this relationship by a second order polynomial function (Figure 1) showed that its determination was low in all years. The curves
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in Figure 1 show that the greatest values of GM were obtained at average costs in 2014 and 2015 and at low costs in 2016. Table 5 shows percentage expression of the level of yields and inputs corresponding to the three groups with the highest obtained GM values (the first, the first three, the 
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Plant Soil Environ. Vol. 63, 2017, No. 9: 428-434 doi: 10.17221/482/2017-PSE first five). It shows the yields and costs for cultivation practices using which the highest GM values were obtained, in comparison with the average level of the yield and input indicators. This table reveals the following: -the first 5 highest GM values were obtained due to the above-average yields in all three years with a small exception in 2015; -the first 5 highest GM values were obtained due to the below-average total costs of inputs in 2014 and 2016, in 2015 it agreed with the second highest GM value of 104% and the third highest value of 115% with the average total cost of inputs; -interestingly enough, the highest GM values were obtained in 2014 and 2015 with significantly below-average costs for crop protection and the above-average costs for crop nutrition; -in 2016, the first three highest GM values were obtained due to the below-average costs for crop nutrition and protection; -GM in the second to the fifth place in 2014 and 2015 were obtained rather due to the below-average costs for nutrition; the costs for protection were also mostly below-average with the exception of 2015 when the costs of the second highest GM value were 108% and the third highest GM 138% of the average. Protection was carried out especially against powdery mildew (Blumeria graminis), DTR (Dreschlera tritici-repentis), septoriosis (Septoria nodorum and Septoria (2014, 2015, 2016) 
